ABSTRACT: Cardiac syndrome X (CSX) is characterized by chest pain, typical angina pectoris, abnormal exercise test result and normal coronary arteries. Microvascular dysfunction and enhanced oxidative stress are the mechanisms suspected to play an important role in the pathogenesis of CSX. Thus we aimed to evaluate the oxidative stress status of 28 patients with CSX (14 male/14 female, mean age 49.5 ± 9.3 years) and 24 age-and gender-matched healthy controls (10 male/14 female, mean age 45.6 ± 5.7 years). Blood samples were drawn for measurement of malodialdehyde (MDA), as a marker of lipid peroxidation, glutathione (GSH) and superoxide dismutase (SOD) activity, as antioxidant markers and ferric reducing ability of plasma (FRAP), as a marker of total antioxidant capacity. There was significant increase in the levels of MDA in CSX patients comparing to controls (3.8 ± 0.12 vs 3.3 ± 0.14 mM, respectively; p = 0.006). But the levels of FRAP in CSX patients were significantly lower than those controls (504 ± 19 vs 568 ± 26 µM, respectively; p = 0.046). Also, GSH levels and SOD activity in patients were significantly lower than those of the controls (GSH: 133.6 ± 5.4 vs 152.5 ± 7.8 mmol/g Hb, p = 0.048; SOD: 386 ± 34 vs 578 ± 38 U/g Hb, p = 0.0001). It may be concluded that there is systemic oxidative stress in CSX patients. Considerable changes of antioxidant concentrations, indicating a compensatory mechanism to cope with increased oxidative stress in CSX patients and the body's antioxidant defence mechanisms try to minimize oxidative stress damage.
INTRODUCTION
Cardiac syndrome X (CSX) is defined by no significant coronary stenosis in patients with typical angina pectoris and abnormal exercise test results 1 , and 1-12% of individuals with myocardial infarction who undergo coronary angiography are found to have normal coronary arteries 2 . The aetiology and pathophysiology of CSX is complex. Microvascular abnormalities, caused by coronary endothelial dysfunction, appear to contribute to the myocardial ischaemia in patients with CSX 3 , linked to risk factors such as hypertension, hypercholesterolaemia, diabetes mellitus, and smoking where high levels of oxidative stress are known to exist 4, 5 . On the other hand, growing evidence suggests that high reactive oxygen species (ROS) of endogenous or environmental origin play a key role in the genesis and progression of various vascular diseases 6, 7 . Malodialdehyde (MDA) is a decomposition product of autooxidation of polyunsaturated fatty acids commonly used as an index of oxidative damage 8, 9 . High MDA concentrations indicate increased membrane lipid peroxidation. The rise in MDA could be due to increased generation of ROS due to excessive oxidative damage. These oxygen species in turn, can oxidize many other important bimolecules including membrane lipids 8 . Normally these ROS are effectively kept under control by the various levels of antioxidant defences. Imbalance of this reaction either due to excess free radical formation or insufficient removal by antioxidants leads to oxidative stress 7 . The biological effects of ROS are controlled by many non enzymatic antioxidant such as glutathione (GSH) and vitamin E as well as enzymes such as catalase, superoxide dismutase (SOD) and various peroxides 10 , that have the ability to inhibit oxidative stress by scavenging the highly destructive free radicals 11 . The present study was designed to investigate the extent of oxidative stress in patients with CSX.
MATERIALS AND METHODS

Study population
Between October 2009 and January 2010, 28 consecutive patients (14 male/14 female, mean age: 49.5 ± 9.3 years) who underwent angiography in the Department of Cardiology at Urmia University of Medical Sciences, Urmia, Iran; and diagnosed with CSX were considered for inclusion into our study. Entry criteria were typical anginal chest pain, a positive exercise ECG stress test response, and a normal coronary angiogram. The control group consisted of 24 apparently healthy subjects (14 females/10 males; mean age: 45.6 ± 5.7 years). None of the control subjects had a previous history of chest pain or acute/chronic diseases. The study was conducted in accordance with the Declaration of Helsinki and its revisions and was approved by the research ethics committee of our university. All subjects gave written informed consent. After demographics were recorded and informed consent obtained, their medication history, smoking habit, and other relevant data were provided from related questionnaires.
Exclusion criteria
Noncardiac causes of chest pain, such as gastrointestinal and musculoskeletal disorders, were also investigated and ruled out as appropriate. Patients with diabetes mellitus were not included either, due to confirmed changes in oxidative stress status. In addition, none of the controls were taking medications.
Blood collection
An 8-ml heparinzed blood sample was obtained from each subject. Then 2 ml of whole blood was transferred into a labelled vial for evaluation of SOD activity and GSH concentration and 6 ml of blood was centrifuged at 2000g for 15 min. Plasma was aliquoted and stored at −80°C until analysis. Samples were analysed for haemoglobin (Hb), MDA, ferric reducing antioxidant power or ferric reducing ability of plasma (FRAP), GSH, and SOD activity. Hb levels were measured using a Sysmex automated haematology analyser.
Estimation of malondialdehyde
Measurement of MDA were estimated in plasma by a standard technique 12 . Briefly, the pink chromogen produced by the reaction of thiobarbituric acid with malondialdehyde, a secondary product of lipid peroxidation was estimated. The absorbance of clear supernatant was measured against reference blank at 535 nm. Results were expressed as mM for plasma. Determination of SOD activity SOD activity was assayed by spectrophotometer in whole blood with "Ransod" kit (Randox Laboratories Ltd, UK).
Estimation of glutathione
Glutathione was determined in whole blood based on Butler's method 13 . Briefly, 5,5 -dithiobis-(2-nitrobenzoic acid) (DTNB) is a disulphide chromogen that is readily reduced by sulphydryl compounds to an intensely yellow compound. The absorbance of the reduced chromogen is measured at 412 nm.
Estimation of total antioxidant capacity
Total antioxidant capacity was determined by FRAP method 14 . Briefly, 300 mM of acetate buffer (pH 3.6), 10 mmol/l 2,4,6-tri-pyridyl-s-triazine (TPTZ) in 40 mM HCl and 20 mM FeCl 3 in the ratio of 10:1:1 give the working FRAP reagent. Then, 750 µl of working FRAP reagent was mixed with 25 µl plasma or standard in a test tube. After exactly 10 min at room temperature, the absorbance at 593 nm was read against reagent blank. Fe(II) standards are used. Fe(II) (1000 µM) is equivalent to 1000 µM of FRAP. The change in absorbance is directly related to the "total" reducing power of the electron-donating antioxidants present in the reaction mixture.
Statistical analysis
For statistical analysis, chi-square and student t tests were carried out using SPSS software (version 16.0). P values less than 0.05 were considered statistically significant. Results are expressed as mean ± SD. Table 1 shows the age, gender, smoking habits, and BMI in CSX patients and controls. No statistically significant difference was observed between patients and controls for age, gender, smoking habits, and BMI (p > 0.05). In CSX patients, the mean plasma MDA levels was significantly higher than in controls (p = 0.006), whereas, the mean plasma FRAP and GSH levels in CSX were significantly lower than those in controls (p = 0.046 and 0.048, respectively). Also, the mean SOD activity in CSX was significantly lower than those of the control group (p = 0.0001). No statistically significant difference was observed between patients and controls for Hb (p = 0.093), Table 2 .
RESULTS
DISCUSSION
The classical definition of CSX is characterized by angina-like pain on effort, ST-segment depression on exercise stress test and angiographically normal coronary arteries, in the absence of any other cardiac diseases and of systemic diseases known to influence vascular function 15, 16 . Myocardial ischaemia because of coronary microvascular dysfunction has been guessed to be responsible for CSX 17, 18 . Recently, we hypothesized that CSX pathophysiology emphasizes a dysfunctional vascular endothelium that leads to microvascular ischaemia 19 . Microvascular dysfunction was reported to be associated with proinflammatory cytokines or oxidative stress 20, 21 . Oxidative stress is thought to be linked to certain cardiovascular diseases. In the literature, there are only two studies revealing the association between CSX and oxidative stress that have shown decreased total antioxidant levels in CSX patients 22, 23 . In this study, lipid peroxidation was evaluated by measuring of MDA, which results from free radical damage to the membrane components of the cells and can also deactivate membrane transporters, by forming intra-and inter-molecular crosslinks 24, 25 . We found a significant increase in the MDA concentration in CSX patients. Increased MDA is thought to be a result of oxidative stress, which occurs when the balance between prooxidant and antioxidant mechanism is impaired.
Also, to clarify the contribution of oxidative stress to the association of the CSX disease, we evaluated the SOD activity in CSX patients and controls because SOD has been reported to be the major antioxidant enzyme system of the arterial vessel wall 26 . In this study, SOD activity was significantly lower CSX patients than in controls individuals. SOD plays a very important role in the protection against lipid peroxidation. The decrease in the activity of SOD could be due to inactivation of the enzymes by crosslinking or due to exhaustion of the SOD by increased peroxidation Also, for the first time-to our knowledge-in the literature, we observed a significant decrease in the levels of erythrocyte GSH in CSX patients, when compared to controls. The decrease in the levels of GSH may be due to an increased turnover, for preventing oxidative damage in CSX patients, suggesting an increased defence against oxidant damage in coronary microvascular dysfunction. The deleterious influences of free radicals are kept under check by a delicate balance between the rate of their production and the rate of their elimination by these defence systems 8, 27 . Likewise, we have shown reduced FRAP levels in CSX patients.
Considerable changes of FRAP indicate a compensatory mechanism(s) to cope up with increased oxidant parameters in CSX patients. However, the body's antioxidant defence mechanisms try to minimize this damage.
Our finding of increased oxidative stress markers such as MDA and decreased levels of some important antioxidant such as FRAP (total antioxidant), GSH, and SOD activity in patient with CSX compared to healthy controls indicate that increased oxidative stress that has an association in pathogenesis of CSX. These findings indicate that increased MDA can occur if the rate of production of antioxidant substances is low. Low level of antioxidants, or inhibition of the antioxidant enzymes, cause oxidative stress and may damage or kill cells 28 . Thus in the present study, the increase in oxidative stress markers such as MDA levels and the decrease in antioxidant markers such as FRAP and GSH and SOD activity correlated with the presence of CSX, supports the reports regarding the role of oxidative stress in the pathogenesis of CSX 22, 23, 29 . However, the role of oxidative stress in patient with CSX has not been fully elucidated and we could not find many data in literature about the oxidative stress statusparticularly stated parameters-in CSX patients.
CONCLUSIONS
In conclusion, with findings of the present study, we have demonstrated a significant decrease in FRAP and GSH levels and SOD activity and increase in MDA www.scienceasia.org levels in patients with CSX, indicating increased oxidative stress in CSX that might play a role in the pathogenesis of microvascular dysfunction in patients with CSX. Our results indicate that patients with CSX are under the influence of oxidative stress because of lower levels of antioxidants markers. Decreasing oxidative stress, with antioxidant medications or supplementations, may be a novel treatment strategy in cases with CSX in the future 23 . Elevated antioxidants levels after use of medications or supplementations, indicator of decreased oxidative stress, might be the potential therapeutic target for treating cardiovascular diseases related with oxidative stress. Further studies are needed to clarify the mechanism(s) leading to these results.
